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5, Sunil etl al, "Machining Condition Monitoring f 
or Aurtoination Using Neural Networks, "Monitoring 
and Contorl for Manufacturing Processes: Presented 
al the Winter Annual Meeting of the ASME. Dallas, 
40 TW. November 25-30. 1990, pp. 85-100. Hoskins et 
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— 1 o\^. m^i^-^b(omm. mt^R 

> «?: T (t:) 4-^3® 6t) ^ir ^ ^ — y u ^ . tittS-^- 

40 ffife^lj-r^c. 

[ 0 0 2 3] v>*^w-yL^4 4 Oft. PJ^^ 

Zt. ^-"f—{zX^DP^ I1 'k ft if h^Zt ^f- 5r iir /u^T 
i'^'Sc. V':7.^^fliljf5p-Tri/'.ZL — /U4 6 0(t^v>'^— /t'Rflo 

ffiiPi^flidi^lJL. nl^m^i-o. ^y^L-A'4 6 0f:i. ^^tr" 

50 '-$^-<-y>!/!}:m^Simi:Mi^^-t^. nm-yy^'TMsA 00 



(9) 
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It. l^Wmm (AR) ^-r-Ou^ififfl L T. »i^coJ: 
(iSco (RMS) coipi^lki:. Jg'mFr3fcet)(cffl;z^{TKt$;}x 

fcf^Si^ii? (EWMA) S5co*5,^«^^gef^-^^elcffi-^l^fc-^' 

^T^'^ :y ^ ^ffl I ^T . :^ ^ ^ > J: ^ 1ttijSi^.±:|^fS 
1:^.*fli-5c ^iJiiPFtfJPgll^RMSiglMiEWMAcO^ >-7=" 

CO R M S ^tt E WMA t-f-S'J;?i^^ftiJi^3i!lPfifjt^M^ -5 

^;TC7:)/c^i::4^P«^SfJu-<yU7 2 0 {cij^ e^^x^,. EWMA 
(i. J[i'.T(C|¥^:IDlC3z!i-<bnr4b^»9. ^TtSpoerre, J. K. , 

"Machine Performance Monitoring and Fault CI ass if 
ication Using an Exponentially Moving Average Sch 
e;me, ^ Masters Thesis, The University of Iowa, May 

1993 t::3ii-<bnT\/^a/ RMSfi<2^^*PT-fe*9> fffiggic 

[0 0 2 4] txmm^i u-</L- 7 2 0 T% mMnmiBi^m 

(EDN) fi. *fl«'r--^;6-em«SicP^^EigUi-^<7:)ic 

<Dtkmmt^:^^yTi>-(t^m (fd ffi^fs^i-^Sw^jc 

hi^^^y'M (FRES) ^^M^TMIg^n^o FRES 

fc«9#^®[Pf ^^ij^-r^o Sftlw, SSIJSiJ$n3tlStSi»:Pf 

^^ilEi-^Ji^^O^^-i^— LT F R E s l;i J: o T/^ 

•Wf I? ^ istt i- ^ w ^ -r- ^ 5 o r <7:^ >- X {•;: M^T 

^—h xtumzm-to la 1 6 <^ 1 ? (i-t ^ i^s^a : 5 
[0 0 2 5] [Hi 'i'#fl5i-^ t . :i^mmy^. ^-mm-^^ 

mUji (ART) m^'lt. ARTMAP ti^^^ixet^^illH] 

mm'—-^'r ^=^-zuT \ 0 0 ^mm . iim'^^i 

=1 y — i 9 C: e ftfi^jCl^'^i-Oc. Carpente 
r, G. A. , Grossberg, S, , and Reynolds, J.. "ART^L^P: 
Supervised Real-Time Learning and Classification o 
f Nonstationary Databy a Self-Organizing Neural Ne 
twoi k, " Noura] NetworKs, Vol -1, 1991, pp. 569-588 
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RT-T-v?^ — (ARTa 1 1 0 t ARTb 1 2 0) f)^ 

^ LT @ ELJ^;*S*:S!iim::i? ^' V — i-'S c i: i)-X^ 

:J7''n ;7./'<^^^^ (Carpenter, B. A. and Grossberg, s. "AM 
assively Parallel ARchiatecture for a Self-Oi-ganiz 
ign Neural Pattern Recognition Macvhien, "Computer 

Vision, Graphics, and Image Processing, Vol 37, 1 
987, pp. 54-115 and Carpenter G. A. andGrossberg, 
10 S. , "Art 2: Self Organization of Stable Category R 
ecognitionCodes for Analog Input Patterns, "Applied 

Optics, Vol 26, No. 23, 1987, p.p. 4919-1930) |C J: 

iimxii^<^—:y^^m'r^^t'f)^x^^i)^^ art 2 

^my^—^i- Kl 3 0 <^ y T^i-^^ M.{Z:^n:^^'0i^y^. 
-So ^f^:7^— yUKl 3 0^:±. A R T. "7^ V — 

RTo l^?«>'<^7«'-:$' 1 4 0 (p' ) (D?Bm4zho 

\zmm-r^o mM^<'7 ^—1$^ i 4 o\±. art. 

[0 0 2 6] ^*^lH]Ki^T-#T^i5'5^^T<?:|ji|^ffifi. 

ARTMAFT — ^^^^::^TCDi\£lEX^^Z:.t^m 
i". [1]2{1. 'f«iEARTMAPlH]SS,^2 O 0^«i-« fi^ 

lEARTMAPfi. $km^iz^^^-r^m^fj:mi^^i^ 

^$^m6^X^^<:>^m/i:y<9 M.Xh^o 'ikyo^mcox 

30 9 Z^^^lliCT)— ^§:6t)JtWSlH]^/T^<^ fim^<^ »9 . fiSlEAR TM 
AP(HlSg?rj^2 0 Of±. ^Ll^/<-^— ^^/jS^^^ix^wih 
{z^ m\B'^X(Dy<^-'>'XMim^ii^!i^^W\'±^J:\r\ tMlE 
ARTMAPlHlgS3^2 0 0(1. A:^;^^-^ — 2 1 0 (A 
;^7-<^ h^l-2 1 0 <b LT^^nri/^^) ^Si^fAil^A 
RT^v>*:n.-yU2 2 S^Ay-C'V^a. A R T 2 Wg(£]J&g,IH 
ffi^ART^v^':x— yU2 2 5 LT^ffi^iX^o A 
RT^'J::^-^U2 2 5lt. Bmtti^^<-$' — >2 2 0 (@ 
tiy:3;^-<^ lwU2 2 0 <ir LT^$^XT fcl^-S) tLX^ 

nPKix^mn\y ■<—^^V2 3 otcji^^jg^^xTi^^o ^(#. 

40 — K2 3 Ofi, A R T^ v^^i.— 2 2 5 ICi oT 

m:&^n7tim;^JXrf-y-^ g;f^i±.;f;^<./7-V2 2 0 t 

<Dm(Dm^^'iJo,. ^•(t:7.Y-/uK2 3 ofi. sfcim 

;^j7^r:r'i|^t.;5^<-.>r> hl^tl^<^ — > 2 2 0 t (D?t!](D& 

^Sr¥iJ^i-'5. ^JiicT^x^. h 2 4 0 

[0 0 2 7] fi^IEARTMAPlH] 5^51^12 O OcO h U-zi 
>^Vo:>\m{z^ 7k1i^<-9 — >2 1 0 — > 

2 2 0 ^ co^J^::^7//^lplii^S5'S 2 0 0 (Z^s-x. hix^o,. L ^ 
%\&m\^X'6\^X. A.:^j^'.i;' — >2 ] 0(1. 2 0 0(rj'f— 
'^if.^ > Vfj^ib'^Si rH^j.oyA^-j3y<'jf — >2 2 OJl. h§- 
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Z.m^i' h/i'T-fc^o SifSiPx;^ K7?im«0Pfl. A*^^ 

2. mmmm'Oi:^M?i-Hi-f^iXtzfmW-t& (Exponem-ia 
lly Weighed Moving Average) 

(a) h 1> ■>^*'r'y * 



y (priori) ^•r"/HCjPjJJ;-t--5 , — fflc0/<77< — 
•r, c:iT-Yr(i. 5t (1) <7:)iif?-C-fc-5o 
[0 0 2 8] 

(1) 



[0 0 2 9] ptt, ^7^>'H^<OgS!)|Hl'l§^<7>-^5'<Oi5c 105S$gIj)lElJf7'D-fe^(4, SJl^iKtOStT'^^ix-S. 

-e*)5o [ 0 0 3 0] 

(b) gtblHl')fro-t;7, [^2] 

[0 0 3 1] rr-t:'x (n) y T^u^ ^^iJ^'A i/— ^^r >- ★ ^ AC^i§:-C: 'fc^o BP'^> iSfc^Oii ^ (3) . (4) 
;7.T-fel9, Gi . i=l. . . , pny<'7 ?^ — ^x-h 
e (n) \-±mALl.fzi^—'^>^y^X-h^. —'^(D^WC 

E{ein)] = 0 



(5) T'^^n^o 
[0 0 3 2] 
[SSC3] 

(3) 



o^/s^, /or n =J 
for n 



(4) 



[0 0 3 3] >>->'P!.e (n) it. 

^^^y^X {i^-Yl^i>, S. ffifT:) I E E E>'^^^:' h^t-^- 
— v^4 2 CO (Embedding spectral analysis in equipme 

nnt ) 5r#BB) (Dt^iz^ sm^My^^ mitx 

oT«^n. e (n) <7)((Sfiefe;^'!>;7./xf X-r^feao 
(C) 

J: o T jr^ I >$S[ffi ic '^m ^ ;i^ . - /^n# Pb^ cd ^ r ^ I c H 



I 0 0 3 4 1 ^ft:co^^ti. a#cot:;7. h ^^^^ 7 A ^ o 
IE 'ft ^1^1 d /j^ D f£iji o T I ^ ^ ^ T 5 o jE ^14 ( c ^ 

-r ^ 6^ ^ :r: ^ /jS ^ CO IE ^ /.C P'. T f + W "t" 

<tJ3j:oT5^/j^^xyho t .HiE^;7.rnTfl. *f2iW^^ 
jE^5>tf5C0 (t-3/8) / (n+1/4) lr>'h 

1=1007=''-.:$' It (a^) <Orn:v ^^-r^^^JSi-^IE^ 

(d) AR^N^;^— ^<0311^ 
AR/<^.^— .^/(O^IJylifi. =3^ — i\^^iri0-' (Yu 1 e- 
w a 1 k e 1- ) ^<--:^^" (B u r g) ^i. 

irOlC J:oTB;75t^iL^ (Marple, S. . Digital Spectr 
a 1 Ana 1 y s i s w i t h Ajip lien t. i ons , P]-en t i c e- Hall, In 
c. , 1987, pp. 22-1-231.251 a'#l!?,) />i-TS L t vHifilfJ^JlC 
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(Jangi, S. , et al. , "Embedding spectral analysis 
in equipment. " IEEE Spectrum, February 1991, p. 4 

[0 0 3 5] (e) ARULW'^SiJR 

^ (FPE) . Ti3^ ^\tmLWm (A I C) . 'Bi.mWM 

^mm'm^m^w (cat) x-fo^o FPEj;i. vi^^^ 
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mtcom-^'^x^h^o ARAaacoF PEfi. ^ (6) coi 

[0 0 3 6 J 
[«t4] 



[0 0 3 7] 

10 [^ni 



(6) 



[0 0 3 8] A I C f^. "tt^RSffe^femi^^^ht^I-r ^ r t 
[0 0 3 9 J 

AIC [p] = In + 2p (7} 

[0 0 4 0] C AT(:i. ^P^(7:)i^SJJI^^ 

[0 04 1] 

me] 

p 



(8) 



[0 0 4 2] PfiCAT [p] ^j^/Xri-^i ^(-iiliJR 



x[r?~l] 
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(f) (i^IEL.fc*5>^*fe 
[0 0 4 3] 

m 7 ] 



[ill 



[73] 



(9) 



(10) 



[0 0 4 4] ^-<^ hyuxp. Cn) 

(p -f 1 ) X (p 4- 1 ) (D^^-^ h V y^X^ 

[0 04 5] 
[S^8] 



ap[i3 



[p] 



(11) 



- 



_1 

2 



E 



[0 04 6) ( g ) mnm^imizm^i^ii^i^ftfm 

W-^ (Exponentially Weighled Moving Average) 

iW, = r^^aKia~).)EmiA,.^.;.ln[pit^,,,.-,] , 0} (13) 



[004 7 ] 

[ma] 



(12) 



[0 04 8] C 



= 0-eiy9. EWMA, 50 



= m!ff(i] I T-W5'i-l!iJEWMA(iti (Jfr L l ^ EWM A) T'fe 
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0 . EWMAx-i Itm?^^ t - 1 T-cni=-ffliJEWMAfie 
{ i i ) -^S^ 

EWMAflst d 4) Oct 9(3.^i-::<ir/j5T't5c. :i 



[0049] 

mi 0] 

[0 0 5 0] 



[0 0 5 1 ] ( i i i ) $-iJi^]±PgfiS * [0 0 5 2] 

'EyNUAm\<Dwm^mm^. tr.<r)^o:>m *p Tfo-So * [st i 1 1 



(14) 



1 " 



(16) 



(17) 



[0 0 5 3] Z.-X-n\-±. lEn^mm'^m(D h t X'MW 
( i v) EWMA4ttt 

5fi<;9^^@<i-^#t^^*i-^ii^t+fBT^^o EWMA 30 
^-r— hf:i. >^air>'4i2»i5'* (Crowder, S, , et a3, 
Jounal of Quality Technology 24(1):12-21 1992) $r# 

b'^i-<. m$iL'^-r<. 3;ywpI#ffi*^#^■f-v\. ew 

x'. (7:>B#rp^ <DfiF^ t /cC -5 CO if C ^ ^aiiJi- -5 
^i^-Sfflfiifi^J^iiWilj^ t ^ w i: -5. M5g(::^oi/ ^ 
[0 0 5 4] yJ-sV (A) it. EWMA^tS+fiIcr).?i ^ y 



3) Mm^iAmir^:it^>x^^^ immr-'^(Dm 

(DMWj'nWj (Archmbault, R. , "Getting More Out of Vi 
brationSignal sousing the logarithmic Scale, " Proc 
eedings of the 1st International Machinery Monitor 
ing and Diagnostics Converence, Las Vegas, Nevada, 
1989, pp. 567-57'^#BB) iZ X ^ iE\^ ^h(D t LX ^ 

ix^i,(oxh^. iEn^j:j^^'r'--^ (Dj/^mzmt^^-m^i 

yt'5>tJ[J:9 hlE'^\zj^^^^ix^t\^^oz.txh^. 

In (p ^'^) (D^Mm-^. t(t?aiaLT*5»?. i^vt' 

[0 0 5 5] s ^ C4-oit^m'>'JP(i. a (1 
n (p ^'^) CO^MW) oMtLU^^y ^-•^\Z:io\^:bmW\Zt^ 

X^^y^ y h ^^x/cEWMAfitcoipj:Su-<:/u.^i-g:;ji]L/j: 

mmiizii^m^Mzmwm'^n. ii=-r^*{::is*(£4^i>c^>4^c^> 



(13) 
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^^7ik-tii±^fj:l[i&m^'M^'t^ (Archambault, R. , 
"Getting More out of Vibration Signals: Using the I 
ogarithinic scale, "Proceedings of the 1st Jnternat 
ional Machinery Monitoring and Diagnostics Confere 
nee, las Vegas, Nevada, 1989, pp. 567-571 ^#flBJ 

o 

B. mmmmm 
1 9 1 o{;i^eix^ct iE.nmmmxc-^\if 

[0 0 5 6] 7^— ^iR^fl. t^.co'^v VTv'r^m\*'^X 

2 1-G-8D I'7^-'^S!#:^^-K-C^fe^o ffiiim-^ 
--<Ty V^^Nr^ v^>iJ^{;i®il9olt bn/c3 2 8 C 0 

JDitu-<^U7!i5. ii5v^:^-&^rft. i^;^tFi5t\ iJi 

IC, 1^t^tlcftg!^t:Il:-*6V^r$t^ Ll^ h ^ > X ^ -^y^T^ 

[ 0 0 5 7] igi^/^AR^T^vuT^s mh. 
Mz.mw^f—^'kmmz^.ir) fi. ^ (6) . ^ 
(7) . ^ (8) \zi^m^')ixfzmm^m\^^xmu^^\ 

1 9 2 0Ti^;6--^ J: ii^/^ARjpJ^^ 

1 9 3 0 c!r 1 9 3 5 Ci^Lfc J: 9 (w. 

11] y <: y ^ /? ( , ,j ^ -ec;:)7-'-- :y r <!r c: ^ jJg. it 
^, y a :y ] 9 5 0 ^] 9 5 5 {zm^^X^ L /c J: 



(3. W-nJimt. yni/:;7i930tl935 l^^lCjfM^ 
nfcAR^T'>'^{3 i *9 . MSB(DARy<y 

m?tmX(Ot^^{z^\.^X'^m^ixtz:\)tm(Oh tX\ IE« 
ItMttfiS ^i"^ -rV^ ^^-t ^ /c ^1:) t;i 7i ^ ^ c "^T' 

r <t ^ij^-t-tc^^ UT. :y 1 9 5 0 t 1 

10 9 5 5 ^{zM.oii hixtziE^^T'^i-izmnmmm^fjm 

[0 0 5 8] :7*n :y ^ 1 9 7 0 <h 1 9 7 Sfl^L/ti: 9 
2 (A) (f) irfSftg^ix^ (in-t,, miELtz^'j^tk:^ 

m(D'^mizm-5<o iEmiti±. mcy^^—^^^is^xcD 

mmmzib^'A^t>h'rm^(Dm.&.t^<o^—-^^m^i t) 

t {z^^r-^ yr^ ^i^^mj&x^ ^o-fMzm^j:^ 
i'fm^Ai^xm^ji^mmxt b.^x/c. ^< (D\Kz^i;^iitcm 
mzMi.xmmi^^^^^=^m^ mm\zm^m^h^i 

»&m.Rv^^m^m(Dm^m(D^—i^6 s 7—6 4 st:: 

10 0 5 9] 1 9 7 0 ty^ ^ y ^ \ 9 7 5 Xn. 

eiv/cp ^^fil i:. yn-/:^/ i 9 8 0 

h^x^x.b\zm%mm^\zm.^M-^^i^^'Mzm)}W-m (e 
WMA) igEff;!y^ A = o. 7Tfm^ix^o iKJi^nyb 

±.m (UCL) {±^iyBly2 (G) (i i i) ) XU 
:yi^l990^1 99 5 ir^i", E WM A (|I//^U C L ^ 
C. x-:ii^iy?tff 

Tfscot2«fi. ALmzmmvizmnt-m'^W\\z^6\.-x% 

\B(rmW\zmm\^tz1i^W^Xh^. |il4o7^-^-ir^y 

t:)jmi:y\^mm<\z-^-'{L-ry^. mWi^hT- ^^wimLtz 

VkiZ . Ji3d2 L ycfi^IE ^ n/c JJf^iaffi <!: E.ocO^Ji^>6^ffli ^ 
50 e,;li.TJiyu?iAR^r7='^u^ir^AiIL. lE^K'^tkffiWjcfiiSr^a 
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igt7)4^Ji|Ii¥. 3 3X-h^0. m'^LtzM^ (1 0 0 0) 
[0 0 6 0] blunts i^llicltei^T. IE^«^{3^tL 



IE^:t^^ (0. 000004S5S2) <DhtX 
^ T#i 6 C <!: (c J: o T lEiS^t ^ ix. 

[ 0 0 6 1 J 



/c^.<Eiair,oE WMAS£it^s-#-o -t^u<^>r^«)t^{i. iR^$ n^^iT-'-i'^St 



ao?^ (18) K^'^xikn^fy.ho 



%4 



[0 0 6 2] 



(IB) 



10 0 6 3] *2^r*3^,^■r. s^ttfiS (>Fig?iJ. 



★ EWMAffifi, »i!36b3tO. OOOOOOtO. 126 

5 3 5T-fcofc„ ^(13) '2f t . EWMA^ 

[00 64] 
1 3 J 



[0 0 6 5] 



EWMA^ = raax{ rWMAj.,i + Xln p^ormoJired 



03 





























a 9t ^ 




o.ioooei 


0.124959 




2.561171 


0.116305 


i^m 


5.002439 


0.302079 




3.449739 


0.125359 



fl8(?.')*(£EWMAS^fHiIl'ffll^Tf+^^HS. l^iTilc, [.ff2] 



0. 000000 
(0. 000000) 



0. 13^1323 
(0. 496657) 
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(15) 

1. 165905 
(1.072859 ) 
2. 2830S3 
(2. 201966) 
1.835429 
(1. 740603 ) 



1#ll¥7- 2 0 9 1 4 3 



1.315764 
(1.501256) 
2. 487441 
(2. 709934) 
1.975226 
(2. 162600) 



[0 0 6 8] 



MM. 



0. 0000 
1.0729 
2. 2020 

1. 7406 



0. 4967 

1. 5013 

2. 7099 
2. 1626 



m 1 7!?^ 3 (D^^W7^'r^(D\zmt&^Mc^^(Dnw 

f^^ Spoerre, J. K. , "Machine Performance Monitoring 
and Fault Classification Using an Exponentially M 
ovign Average Scheme, " Masters, Thesis, The Unive 

rsity of Iowa, May 1993 13^^ ^ <?r tD^-C^ ifST- 

{z^ 0. 0{Cl3:^^^X'6o ^^fcV^T^ J:3zt!Lfcj;iL^^]il-tr 
;^V>T. EWMASEfffiSH^n -/^ 2 1 1 0<D<t 9l^ff 
»^;^^^o ft^^^^ E WM AiS^f+(it(^. IE^4*J^co±PStc: 
MX^X^^iyi!^ ^^X^^ mtLX±mX-\'±^ 0. 496 
7 Xh^o 

[0 0 6 9] EWMAj^f+fjl:^^ ±mmX^T\Zf^^^ 

■^{Z\t. y^^y^21 1 OlZTrsirXvlzmm-i. TEn\z 30 

'^{Zi^. yn>;/>> 2 1 3 Oi^ZTTk-rx Olzm^b^^l^'^ii^ 
j!S/6s^?r£^ao «2^;:So%^T. yvi^y^ 2 140. 2 
15 0. .S.t>'2 1 6 0co^i^^^^^^i. ^?i^S^t>tflg^ 
«-t-o EP*^. EWMA.^H-fiili. 1. ScoFpI^: 

7^:2. 2(Dm(DiM'^izn^ m'^-i^tmit. -<Tyv^^<^ 

^Ul-^Xr'fc-^o EWMAS^H-fiI/;>2. 2,^2. 7 (Of^'iXh 

^m-^izn. mn^^mit. mi-efo-s. -fui^^ 40 

2 1 7 0. 2 1 8 0au*2 1 9 OiC^i* J: 9!::. ^ 
ly ^y=xL^ 7. 3 5 0'^^rL Tiii!^^n$;lx/c$^cPf 

9 5ii^.i-J:-){cm«i::^xdi-^Pp1giiMi5jEL, EWMA 

[ 0 0 7 0] \m24\t. E WM A :T- -\' — h -Sr rSli-,, E W 



2 2 1 0 — 2 2 4 0 \Z^{f^Z. t yj>X^ lE^^Kti 
l±. 2 2 4 Ot^:^^nT4'6!9. M^^^ffifi. >'<^^K2 2 

1 0 — 2 2 3 0tC^$ixTl>-5o lEI^mWi'^m^W^^ 
nhtL^\zAR^<'7 ?^—^'^y^f^^mm'r^:zt\zXo 

X. EWMAM».^f+(it(i. mmii-iE'^'^m ( ''%m\z 

it^^t^\z. E\Ny[AUm'^^—V(o:7^u^yh\'X. U 

\zn'r^m^<Dmnw-^t. w^R\vy[AmM\mt(r>m 
\z\±-]E<D^mmm-h^:ztt-^m^^xtL^ w-^mmt^ 

mi^-t^\zr>h.x. EWMAfiSfi. m-X-r^. :z<DZt 

E wMAmtmyj^m^z x ox^it u-^i-i ^ti^o 

V)(r>$kV^tf^^t^\z^ m'^i)-^i^'t^(DX\ EWMA 

[0 0 7 1 ] Mt::. }Ent^^)ikmxmf^^^xfz'7^m^^ho:> 

3. ^<'7 ^ V V ^>^^^x y >^^tKART2T>^a- 

— yU, fin-^^<^.7i hy :y:^-tx/l-3 1 0. Itift^/lJl 3 

2 0. SO^'ART 2#SlHl!iiSP2 2 5 /i- 

i?^-%i.\r^mm\z^^\^^x. (ar) /-^^ hy 

y ^ A R T 2 milEj^gJ^^ 2 2 5 (Dt^-^-^X 

ftffl^^x^c. t/ja-4Vj^6. ?^y[Jj^i^Jc/:^g3|Jj|H]'l§ (AR 
MA) h y :y :^ -T-x A R T 2 m^mm\^ 2 

?5^!Pii|ij-5jcr) (ARM A) l,f3£ffli-o ^ Z;^' "C^ 

-5c. AR-H:-7'/uiy\RMA-e7-yUf:i:2>-)^JT'fo ^ 



(16) 



m^W-T - 2 0 9 1 4 3 
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=7 y^—^ 3 1 5\^. ART 2\s}mm2 2 5{Z'i^m^iv^ 

ZtyAX-^tj:i\ y<y 3 1 5lt. A 

RT2 lHlSgai2 2 5 /^^ISsSci"^ w tc^ I. ^WlrftA 

10 0 7 2] lEmitmm3 2 0\^. 2o(7)im^M*i- 
^y<y?^ — ^3 1 5 o(0/<^7<— 3^. 

^rtfr 2 n + 1 (7:)A:5^/— K&d^^M<l:-r5o i^y^li. A 
RMA (3. 2) ^7=^/1- (n=5) cO A R T 2 [ElS&Si 2 

2 5fi 1 1 <DA;tiy— K^M*i"^o *<7:>^<7P« — 
tn^j^Wii%:m:^tz. ARMA (3. 2) ^•r'yKDAR 
T 2lE]f^m2 2 5 56S|ai 8tC^$nri^-6o 
[ 0 0 7 3] 



30 



mi 4] 



*3 



1.7592 
-1.7289 

0 .8364 
-1.0300 
-0.7562 

0.3638 



[ 0 0 7 4] lEt-^(D^y;;^m:^(Dm:k^<y ?^-^m^-2 

#J6^xr. 0. 8 7 9 6;il^#eD;l^'5o a^^^tScTft. * 
m<Dhi =^>'^^(D?^s ART2lElSSa^2 2 5ft. A;^ 



i:{:i^j:oc. ift^^t^fi. f^cof^W^l^ 

=CI>1 X^-l + • 

[ 0 0 7 6] ^ 



coF«'3. •^A^''-^->;6^ART 2(H]J-Si]'S2 2 5lZ-^-;it> 
^X^o F= ;i 2 4 0 P'W^- / — Kit. 4#y*c^&P$:»ffiSr 
^-To I55ft7^:7. h 2 5 0Sr51i§-r5F2 ^2 4 Qcoy- 
K(i. ART2lHlSSa^2 2 5<7:)|±5;^;3 3 5 i/^-a, 
3i6-</CcJ: 9(3, (i5iEL/cARTMAPlE]SgJJ?2 0 0 (DM 

m<Drn^. -f>y^y v^<^—>2 i o)iW\^(D\}s^ti^<-^- 

''^2 2QW)5\ts f*IEARTMAPlElS!SP2 0 OtC-^;^ 

10 h%xfii\ni\\ifihf^\'^. #A;^''<-3^->2 1 0<D^%}i 
mW.(Dtii:by<-^ — >^2 2 0:^|5fflv^^nT. {i^IEARTM 
APIH]¥SS1I2 0 OSrSiJIiUicPU^-rao rco:i<!rfl. tflE 

ARTMAPiHiKa^2 0 ofiimetii-tj^^ns 

S*i-^o »^ Ll^mSi^yiiitol^T. A^/<^->'2 1 
Ofi. lliiJ:^-^-^' hyU(^)2 0 0^llco•7"'--^p^^-r > h;6-b 
/.?^o ^M(7:)ai;^>'<-:5'-->'2 2 Oit. -iS-<^ K^i-Tfo 

4. mmm : ::^^fet^«ir:ir^ 

20 ^cOir:^ >^3 >^T-(i. :^^miz^iit<:>xm?t^i'\^fzmMn 
4. ITii. 7='--^^^i^M^?^eii[E]'lf^r-'y 

[0 0 7 5] 4. 1 ^m\B]^ (AR) •tT'vl- 

30 mm^i^t:.-m(D'^>''t^mLxmi^^nfz^'^ j>. 

Pp^I^. ::^*iic^ffi$ix5o A;^^r-:^-i5c/^i^^2 0 OTij^ib 2 
40 mm^Xh^o #f3M^ir>i^/j>y T^^//-^i^^~ KT' 

-f- 5 ^ # ic . $ 4 ixfzy"— my^miK-r^^-hxh 
-t-t^,. AR^r/u<Dfj:m^m^\k^^ a 9) iz^^-to^ 

• • <l>p X.-p (19) 
^ [^M ] 

its A Ry' y / :y -e^fO . p U.x A 



R-exyUcOHSif Ti^ f), E, il. NMD (0> 



[ 0 0 7 7] A R-C--7"/Uc/.-))l|Mj^{l, Lin C\ C, J; -5Mast g. The University of lowac/.") "C] assi ficaliun of Aut 

er' s Thesis, D(?par1.mont. of IndustriaJ Enginej-J-in 50 oregrssivt=i Spectra] Lstimattul .signal Pat1.e}ns Usin 



(17) 



#|5H¥7 - 2 0 9 1 4 3 
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g an Adaptive Resonance Theory (ART)" (ClfSilt^Hfc 
Tyn-^-t:7*,^$^XOc. Mn<D'^-Bm^ (FPE) T 
:^4'7-m^^m (A I C) u-^yt-^fflt^THWi^'Sr^JRi" 
F P E i: A I C(^i^:<7:)xtT^^ix5c. 

[0 0 7 8] 

[fCl 5] 



FPSip) 



(20) 



^1= [0 0 7 9] 
[#^1^5] 



Aic{p) = //i73(aj) pi/7 



(21) 



10 



[ 0 0 8 0] 4. 2 *JcP$^l4Jr[H]5gr^ 
T'fc^o ttIEART]VIAP[H]SS,1P2 0 Oti. I^Pg^&t)/^^ 
tl^m^J:^. 'I^IEARTMAPlHlKi^2 0 Of:i. *>ffUU^ 

4. 2. 1 fi^:iEARTMAP[Elggij^ 

t^IEARTMAPWJillB]^gn1^2 0 Ofl. i^^fl'J^Sj(:iS<5 30 

ARTMAP443?^[H]?gn1il 0 0{:i. 
;t7-r =f y — ^^^1"^ — >r^<7:>ART^i>'^ — >'H 1 0. 

my -^-^^vi 3 0 tf)-^hmf^$i\xi^^$mn^^Si^ 
y^'r^^xh^.. if ^ Ll^^1u!^^J^c^6l^T. artmap 

mi-t^fzMzm 1 lC^-i-ARTIVIAPtJMiSlE]lfgS«fi:tt 
.lE^n-So ia2fi. KziART^-i/r^-yi-//^ S1il±5;5'J 
2 2 0iIJ:oTElft$^XT^.^<5. H^jEARTMAPlHlgS 
,^2 0 0^'^i-c. @!SS)ia2 0 Olztol^T. Bni^tf2 2 
0\t. ^ — '^—fj^h-^-PLh^^^Oo ART 2m^\n]r&mT 
--A^-r^^'^-^T 2 2 5 II. n <' — (fr'J;t 

(^'ARv'NV y — .^/) i'MPJi->5fc/6c?.-)A R T^-v'':^ — 



^ [ 0 0 8 1 ] f¥*P]l-. ART 2#31lHlSgJflT — =3r7^^5" 
■^m^jEARTUAP^m^^m2 0 0^(D?^:bt LT 

l|^«:-<i:oT0je^^ J: ^m^U^\^(Dm'^hi^lEA 
RTMAPm5lH)SgP2 0 OiriS/^^^-tt^Cl^T^^-C't 

v;7.^(i^IEARTMAP#J^[b3^.^I^2 0 0^(D;^K.:t)t L 
T^I^^-r-S^-g-f^fi. ;*:^P>q^'ART iW^ESSPT- 
ARTMAPlH]SSa^2 0 0i:::JoW^T. A R T 2 InJJtgP 1 
2 Ofi. :ioc;o^, fip-ibFx M 2 3 O ^ F^ Mz^o 
i-^o I114Sr#fi8i--5t. ART 2IaISSS^<DFi ^2 3 
0 (i. IIl?g31i{::{t-§-^ y ^ y^^^h^Am L xmhitm-^<D 

5> $ ^^/cs® fbft*^ jE^tft-r ^ y-r ^^ffeijia? c^x'. -7 ^ 

[0 0 8 2] );;.T(::. 134. HIS. l«]6Sr#HSLT. » 

iEiHi^sjficotJiiict-oi^-ciAPjii-^o HIS. laeti. fifiE 

ARTMAP [£l JgSP 2 O 0 'S- ^ <0 1 1" HOI 

CO •:7 o—^-\~ h :7'd :y ^ 5 0 5 9 
(Z. fiJr-JEA R TMA P WSliai?g/fjg 2 0 0 cOPIIi^M-OTft 



(2 2) 



(IS) 



WmW- 7 - 2 0 9 ] 4 3 
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0^ i ^N - 1 . c;iT-N(t. y^il^^^ 1-/1-2 1 Ocox 

2 y — K<7>$)Ct:-fo'5o Wj = X i = V i = u = q i = 
Pi =0. StKa. b. c. d. e. 0S.i>'p^ir^> 

n5o c^i::. y'"^ y^S\ St::^^-^^: 5{:iF 1 ^2 3 0 

coy - vm(Diimtm^-t^m-^'t^. f x ® 2 3 o (ojs 

Vi = f (Xi ) + b f (qi ) 
u i = V . / ( e + II V II ) 
q i = q i / ( e + II p II ) 
Pi =Ui +Zj g (j) Tji 
:LZ.X-h\-X'^WLX-^y). g (j) ft. F2 ®2 4 0eOj 

#gy — K^Fi ^23 i #S<7:)y — Kfc^<7)FB^?$^ 

0^x< f (x) =0. 

X ^ 0 f (x) = 0 

(w, Fs il 2 4 Ortcoy — K;e>^Fi ^ 2 3 0;6^?5COA:=':) 20 



fo-Sc. EP^. Wi = I i + a u i (t. Fi 1 

2 3 OTCO i #@coy-- K-C^fct* . a liSStT'fc^o 

[0 0 8 3] Xi =Wi / ( e + II w II ) 
C:iT'e{t. if o(z35l^^ife-T:^fc'9 . II w |l II. V 
yUwCOLc y/L-ASr^-r. Fi S 2 3 0 coa-^cof£ttfb 
ft. WTcO*lct;eoTl+»^ix-5o 

(2 6) 

(2 7) 

(2 8) 

(2 9) 

^co h-/:/.^^7>'fi;t^T-foao ^ (2 6) (omm^-mm 
f ft. 



★ F2 ® 2 4 0 [^<7?y — K(^l 
[0 0 8 4] 



(3 0) 



M.i =Si Px Bij (3 1) 

Bi:,ft. AT^/>^tt^T-fc^o ^!fct^-c:':/D 'iir^2 4 ocoy— K;i»*Sib^b^^X^o F2®2 4 0coSSb 
5 3 GtCipr-rJ: mi^M'^^-='T^m:^tlF:^ l5r ft. J^JlTcO^-e^ ^^^o 

j #@<OF2 y- K;6SSSb"r^:^-&. g (j) = d 

■^nU^(Dm'^. g (j) =0 (3 2) 

c cT-d It 0 <i: 1 coFe^co^Sgc-efe^o r co,^.{r*Di ^x. ♦it4T^;Jxr. H T^i^'^^ vm-^/j^A;^:?/<^ — > 2 1 Oic 

F2 ® 2 4 o?gsbft. F. m2 3 o\zm^Gm^ix^. m^-r^^^t*ofj^^n^^^i^o ^?s-(h-^2 5 oft. u 

y a ^> iJ^ 5 3 5 fr^i" J: 9 2 5 0 TtOx^X^-;t b^X^c 

r i = (u i + c p i ) / ( e + 11 u li-f II c p II ) (33) 



P/ (e + I r I ) > 1 ? 

:::iT'c{t. 0 < p < 1 co^lrS-efeao ^-^j^^- 

2 5 0^5^-5^ t(C:fe^-r6m^(::lt. :7*'u 5 4 5 
(C^i-J:^!-. U ir :y h 2 6 OpO^Fo 2 4 0^Ci||?5i^. 
F:. 2 4 OC;/j^^D^?:>n> F2 Hl^coil^R^ix^cy- 
Bij* ( t + 1 ) = d [Pi -Bij.. 
Tj..i ( I -f 1 ) = d [Pi -Tj^i 
j * ftFo S2 4 OF^Oy — K/;^b^JR^n^o 
5 5 Ofw^-TJ: -plZ, 1^3^1*8^ ^51 ^i^'&fC 40 

-So ART^v'*^ — /H 2 0iCA;^-<i^ b/^2 1 0 //^ti 
W-3«B^S^2 5 0^iai§i--5F= 112 4 01^^ 

X ~ to jH. 

'-f-fai-:^ -< — K 1 3 0 X\ ffi-cr^i^nms^i 1 4 0 /AmtiL 
<^ixT. :y 5 6 Oi::T'<-rj: 91::. F2li2 4 0 

(X) yj^h'j-m^ntzi^-JjtBmaiid^-^-^ (y) t 

I X II / I Y II < P ^ 

P' (t. JiitB^ ^ u i^A-^Nv y — iJ^^ 2 4 0 xfc 50 



(3 4) 

McjSclt-^2 5 0^il6#-^ft. :^hAT5/:7'S^ (Bij) 

[0 0 8 5] 

( t ) ] (3 5) 

( t ) 3 (3 6) 

9(:iF= ^2 4 O'S'mit. F2 g2 4 0 i:^.ft:7^— 
3 0 t(DPi.^(Om^Hi-1-H^m^ (Bju) ^^rLT¥' 
Kl 3 OlC'fstS^nao F=^2 4 o/)^e>s 
mL-/c{f^fte/.T<05tXfm$^x5o 

(3 7) 

★ K U ir :y h 2 7 0 h y L T . A R T^- i> 

[0 0 8 6] 

(38) 

-f fi^i:^ Y — ^i- K y ir ::/ h 2 7 O/yi^-: i: ^^m-^sZit. 



(19) 



2 0 9 14 3 
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2 Ocol^?jft2 5 0;^5jiJi6<b^xT. v-^x-r A 2 0 0 /J'^i^M 
4 5C:^i-J: olZ]}±y h2 6 F2® 2 4 0(3i^ 

CO j*u = Yk 

:7'n :y 5 8 01::. hyZfy^^M^ (T js) <t h A 
T:y :7^fi^ (Bji) ^.^i-o ^^i^T^/rM;^t h^/^ 

0 tjE^afb^ifX-STi-bT-fc^o ??:i^T% F 1^2 3 01^ 
or^L•t^-<^ h/Up;J^ ^kcofi^SffS^ (3 5) 
(3 6) ^#0B) (Ofzibizm^b^^^. 
[0 0 8 7] imscogF^^f, A;^-<^ h/i-2 1 0 (in 

AR^'^^^--^^) tBm\^ti-<^ 2 0 m 

li. _h3zn(7)^ji|I{c:?i^oT. A;^-<^ NvU2 2 0 <ir Btiai 
::f?-<i;7 h/u2 2 0 <!rcorBlcojSffico^'^^&^*6i-'5o f^lJ^f 20 

Fi ^rt<:S^g^2 5 o^3li^i-5F2 ^ 2 4 oi^(;:)y 

Bji* =1/ (1 -d) /"N 
T j*u = 0 

Nf^. Fx ii 2 3 OP^CO/— K<7:)ST*fc . d 0 ^ 1 

<Dm(D:^m-r:^^^.. m^y^-y^V2 3 ocoa-^^-f^:. 

4. 2. 2 i\SlEARTMAP\B]^m\zX^mm 

miEARTMAPimmm2 0 otfmm^i^tzmiz. 

RTVlAP05?gn'^2 0 0(^. «tiD{::^^^/j0^bA;^x — 
^^mmv. ^ I ^ f^4^^65 I ^ ^1 a b 
^^Ummn-r^.. A;^^§:•^sL7t^^ic. :/c7^;/>j^6 2 
0{;iir:i-J: -pICART 2l£lli!S.^2 2 511. ffitzf^W S:^f 
9o fScot^!$fr7!i>m-<^#5i£Mg^ 2 5 0*3a3@i-a:^'^ 

^/^ 6 4 0iCj6^.^T. ifll. lHl?S^^^ 

:^ 6 9 023:U'6 8 OT-^n^^n^i-J: 

;7^S■^i^^i-^/>-cov^m;^^$'ill^Ri-^. g^Wr/j^ jEL.< 

--x^-i^M-l, Il]ji!g^j^(-ft!Lcr)t^WS.'?7 9 J; (IIP 
[0 0 8 9] i^:^r'M.^Pm-t^tit^jl,Z^ ^U-CASm 50 
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*itb^X-^o m"— l^JSKJSife 1 4 07^531-5 Fi 112 3 0 
i: Fs 112 4 0 ircoPp^co h ^yy^^'^^^vM.?^ (T.ii) th 
yyr^yym^ (Boi) (3 5) t (3 6) II?^o 

T3S-B^^;Jx, Fc )i2 4 0 t^i^y-^—^i^ Vl 3 0 t(D 

(3 9) 

^i-o ttlEA RTM A P 02^)1^12 0 0(O{lkco34g/i:ltHg 
(i. (unlearn)" mtiXh^. 

^mmtitnmz^ \3i^m\zx^x^{z^^s 



:Ltx\-±fj:\^\ ^<^-i^^^^^\z^^X,^^hmt'^tj::)5 
±3z&Lfcp#:mii:f5]CT'^^^o F3 K;!)^#Jft7^-7. 

h24o. \ AO(DW\^^m^t. ^^mm^\'X^^<D^ 
\zm^'r^. 

[00 8 8] 



(4 0) 
(4 1) 



(4 2) 

jamtf^^^n/co #?«;)^o. 3. 0. 5. 0. 7, 
0. 8*u^{io. 9\zn'^L.tLt^\z\'t. \m^m(D\i^ 

iA3\zW^^^v^t^\z (#:*^=f y-tzj^LT— 
o) . lp3^JP)(7:»m^f^. *^9 8%r-foo/co l)i|$^;^?'ir-/ 

o) , mnm\'t^ ±X(DUWAJ'-^i:lEm\zm^\ir^:z 

4. 3 ^i:i\y<^ — >^<D{m^tk'^ 

±31^ L /C J: . mu-mmmizitm^-Mz^fj:tJim 

il. ii^jEAR TMAPIIl?g^2 0 0 (ifel^pDN) "Cfo 



^ '/Ah D . f^jE A R TM A P 2 0 0 fi. "^feiZ .1 (D 



(20) 



mmW-7- 2 0 9 1 4 3 



37 

a/^J: :^3^m(D&c^{z^ii^^XitiL(D'^m6^'ey^^i-^ 

^::^ffi'C*>^ (Li, J. etal., "Fuzzy Cluster Anal ysi 
sand Fuzzy Pattern Recognition Methods for Format i 
on of Part Families (NAMRC)," Society of Manufactu 
ring Engineers, 1988, pp558-300Sr#SBJ o ^*oT. * 

b < x(om'^iz\t. u (x) = 1 . 
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'iftmxmii^L-. MmA<D^^mmLXMfZ^-t^^<T 
m^i-t. mmmmm^tm^^^o^ixx. -m<Dmii^ 

10 ^*^''^:xTSr?F^/5g'r-5o :f^y^^SO\z^^'t^o\z^ 

\Z7f^-tX. 0 \zXl&<Dfz^(D—%K(OAR^<'7:^ — '^^W'^ 
it^^Z.t\z^^X^^ir^. 
[0 0 9 1 ] tf:.\^^xmktk'^\-t. y^uy^ 95 0\ziv^ir 

i:o\z^ i[X<r>yT'^^t^m-:)imxWi=f^^x^o mmz. 

0. 



a < X ^ biOi 



(x) == (x-a) / (b-a) 



0 



X ^ a (Dm'^\Z\'X^ n (x) =0. 



(4 3) 

[0 0 9 2] 
[^16] 



(44) 



[0 0 9 3] :zZ,Xv\'t. y<^ — >\^(DAR^<:^ — -^(D 

Tt6«9. '^hw\zxh^. AL'>i^Lfzmm'^mm-y''ti 
^'"7 j^^kxx±xo:^mA^m^mw^m\'^^ uy^hr v 

4 . 4 l^^cPf jffif^:x. :^ ;7. h -7- a 

ffS Li^|l4'Sif?!l(::*5i^T. f^MiSxx'.-^i^ 4 0 0 1^. iiP^ 
]EARTMAPlH]S!SfJi2 0 0 J; o TfSslWT'^ ^^KIST 

6. li^Slw. (i^IEARTMAP 2 0 0?y^ — :>oym^)>^L 
9^^yy-/M-lV K E S (C3i-b;li^. F R E S (^., 4:-nM-< 



40 



[0 0 9 4] )^.T(c. FRE S^wJ:or^5g;fi$;l^fc-/JS• 
ifefTil!fi£co3g«t:J>Sfcfig}S;ils:fiFitL (1/2. 1/3. 1 

/4. • • 1/n) . -^mm.Wiimm^\x. mu^ 

^IB^ixT. it«co:Kflgfi. SMKST'fo 



7J». 0. 4 2-0. 4 8 XRPM^^i-m 

m(o-rzhbo:>\mi^\'±. m.'§io-)ZMtz\-^^i^\^ v^^m^m 



(21) 
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[ 0 0 9 5] * IXRFWir^Mi^'^^^S^tjX-^^m'B^ 

m-^^m^ixh^o 

3£i^m'^(-. ^m&mm xRPMi6:iMi2 xRPM-e 

[0 0 9 6] • t^m:fjf^<omm:^^^'&'i-^m'^iiz. mm 

m€^i:^w^xiSL^^^h 18 0° Tn. 
comshm xRPMt 1 xRPMxMi^yjK ix. 2 
X. pg;v^^±3Xcov^mt^diJ:D t>M^T'ti/«f<. ^tt^ 20 

wffifi. M&mz^mmx^^o 

l/2*l^(^l/3RPM (. 5X. 1. 5X. 2%X 

m) t^^c. mm\-i. ^'i^:^\^\z^c^. 

i^f^m^) . mm(omm'±. W':^mmzitMLxm»'^ 

tmimmn. ^m^^ixh^. 30 
■^mxh^o 

^\^^^:^mm^. ^'i^^\^\z(om^Wi'^mxh^c. 

[0 0 9 71 • 2 X R PMX(Dim'B:/y^ 1 X R PMCtfllti 

mit^^^'^^Mxh^^o 

i-1ffi//-bm{::H-ffl^n. mnbfA 1 X R pivi<!r 2 X R PM 
XHiM. 2xRPM(i, 1 XR PMJ: i^ffi'fliTi^^t). 



- 2 0 9 1 4 3 
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\^^{±^im:\kmxh^. 

^^i-^^um^zir^^^rmmxio^o uTiz^Ttkfmz^- 

[0 0 9 8] ' ^T^^?^-^iz»-^(Oy<$^ — >:f/^. ^Tf)^^ 

iz^ mmmi&m^. i xrpm*5J:l/2 xRPM-t:-^ 

• tiSijg?£^t/jU xRPMxh^m^iz^ mmco^'Utm 

i&m(Om^. +/- 1 XRPMT^fo^?. =¥Tf^. =¥r7)^ 

i±mw^:^hi^>mx^^o 

I -timmmz »o TMijg $n s ^.^ . ^mmm^m 

[ 0 0 9 9] • ^TT^^^-^ioitmi&ti (GEAR MECH FREQ- 

^■^io'^m^m^mhR natural frequency) //©jig^ix, 

^T^mmH&^'f>mm-&ix. GMF^GNF;6U xRP 

m^^r^m^iz\^. mmm^^^^jm&ximmmx^v . 

1 XGWIFX^V . X '9iSl^tiiH^^2X. 
^l>{i3XGMFT-^l9. ^m^^\^J:i}^mxh 

• 1 X R PMT*;^/'-r '^TfAf^m^^o 

^:^?^m(r)tii-^ L\.^mMimzmm^Mc^^y'^y<- hm. 

[0100] 4 . 5 tjcmMWf 

X. f^rr#BS:^*§8*6$n^o mmz^ y'u -/^j^ i 5 o 5 
v^'-^' mz.\^. mm. EE;^) 

X2y{;^ 5 0 5 T-^j^i-J: ^cTJ-r- 

.^fi. yo :y 1 5 1 0(Z:J3^i-J: 9 C A R ^T^*^L-2rffl.i. ^ 

xmm'^^^\^h. <!)i\z^ AR^•7^v^/J^^b?g^L•yc''^^y 
(Z. RM s f+fjiy t F^\\'UAmoT^'^'^Lm\m.t \zm^^^^ ^ 
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1 5 2 OtZ^^ixTV^^o :y 1 5 2 Oli. :y 

J: 9 (rli^i-^ r i lo 

[0101] m^. m^'y^^:^i>m^<r>^m^.'x:\^m'r 

^^^\z,\t^ y n ^ 1 5 2 5 C^-r J: b iznmi^^^T 

A4 0 0(^SEJ^$ixyci::3.— if— >f >^:7iii-^>^.4 5 0 

miz^ RMS EWMA;05^fe<7:»^^}®S'^i-t#'^iwfi, 

f^^(Sf/i>^^Tt?n^, mi 7 ^0m-r^ t. y^^y^ i 53 

\Z7f^'t^0\Zv'—^t^^FD'^2 0 0 (fi^IEARTMAP 
\B\^m2 0 0) \Z^7Lh^X^o t*>-5A^FDN2 0 0 
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